T HE effects of oven drying temperature and drying time on whole-kernel, long-grain rough rice moisture content determination were investigated for different moisture content levels ranging from approximately 9 to 22% (w.b.). The results showed that a simplified oven method can be used for rapid moisture measurement with accuracy comparable to that of a standard Association of Official Analytical Chemists (AOAC) method. An equation was developed that relates the apparent moisture content determined using a given drying time and temperature to the moisture content determined by the standard AOAC method.
INTRODUCTION
Accurate measurement of rough rice moisture content is important during harvesting, drying, storage and processing operations. It is often necessary to specify and use a standard moisture content for seed certification and storage, as well as for marketing and milling contracts.
Grain moisture content (% wet basis) is defined as the ratio of the weight of water that can be removed without changing the grain chemical structure to the initial weight of the grain. The basic reference methods for moisture content determination such as the Karl Fischer technique (Hart and Neustadt, 1957 ) and the method outlined by the International Organization for Standardization (ISO) (1978) have been used to standardize simplified oven methods that are then regarded as practical working methods. Reference methods are time consuming and tedious but were formulated to obtain accurate moisture values for calibration purposes. It is assumed in the use of reference methods that complete drying of material is achieved without any loss or decomposition of organic material. Practical methods developed on the basis of calibration against reference methods are used to reliably determine grain moisture content in a reasonable time and are corrected for any possible decomposition occurring during a test.
There are several practical air-oven procedures that have been standardized to determine moisture content of grains (Hart et . These methods are based on drying whole or ground grain in an oven over a fixed period of time. The drying temperature and time are usually specified for a particular type of grain on the basis of moisture content comparison with a reference method. ASAE Standard S352.1 (ASAE, 1982) , which was adopted in 1972 based on the recommendations of Hart et al. (1959) , emphasizes the use of whole-grain samples primarily due to simplicity and avoiding possible moisture loss during grinding.
Various procedures for measuring moisture content of grains are listed in Table 1 Bowden, 1984) . Hart et al. (1959) showed that drying flaxseed in a moisture content range of 7.6 to 8.20/0 wet basis (w.b.), wheat at 12.0 to 12.3% and corn at 10.5 to 11.4% to a constant weight at respective oven temperatures in ranges of 100 to l30 D C, 100 to 1l0De, and 94 to 105 D C resulted in small but significantly different moisture contents. Such differences could further increase over wider ranges of grain moisture contents. This is supported by Bowden (1984) , who compared three routine oven methods for moisture content determination of wheat and barley. He concluded that the variation of moisture content within the replicates increased with moisture content level.
Other differences in methods were reported by Matthews (1962) , who observed discrepancies of up to 0.30/0 w.b. when using a l30 D C-16 h method for whole grain and up to 0.5<t/o w.b. for a l30 D C-1 h ground sample method. Random errors in grain moisture content determinations replicated two or three times may range from 0.2 to 0.5% w.b. depending upon the sample location within an oven and/ or the use of different ovens (Warner and Browne, 1963). Drying whole grain in a forced-convection air-oven according to ASAE Standard S352.1 (ASAE, 1982) is the most widely used method of moisture content determination and yields highly reproducible results under selected conditions of time and temperature. The disadvantage of this method is a long drying time requirement. Therefore a rapid moisture content determination method using high-temperature, short time guidelines would be valuable in time savings if proven accurate.
Though air-oven procedures have been standardized for moisture determination of several common whole grains, there exists no such standard for rough rice. Noomhorm and Verma (1982) have compared rough rice moisture content determinations using the l30 D C-16 h whole-grain method based on the work of Matthews (1962) . They used the AOAC (1980) method as a standard, incorporating two-stage drying over the moisture content range of approximately 10-19% w.b. They concluded that the whole-grain oven method gave significantly higher moisture contents compared to the AOAC method. Thus, there is a need to develop a standard oven procedure for whole-grain rough rice moisture content determination that would be accurate, rapid and easy to use.
OBJECTIVES
The objectives of this study were: 1. to determine the effects of oven drying temperature and time on the moisture content determination of unground (whole-grain), long-grain rough rice in the 9 to 22% w.b. moisture content range 2. to develop a standard recommendation of drying temperature and time for general use in determining rough rice moisture content, patterned after the procedure outlined in ASAE standard S352.1 (ASAE, 1982).
MA TERIALS AND METHODS

Overall Procedure
This study began as a laboratory exercise to explore the overall effects of oven drying temperatures and times in determining the moisture content of unground, long grain rough rice. As such, a preliminary study was conducted in which the moisture content of samples varying in moisture content from approximately 10 to 19% w.b. was determined using an air convection oven held at l30 D C in one set of tests and at 200 D C in a subsequent test. Drying times for the l30 D C setting were 1,6 and 20 h; for the 200 D C setting. only a 1 h time was used.
The results of this determination revealed a trend that indicated a possible relationship between the moisture contents attained with the various drying temperature/time combinations. This, coupled with the fact that a standard whole-grain air-oven procedure did not exist for rough rice, prompted a comprehensive study of this subject.
The comprehensive study was conducted in the following phases:
1. Eight lots of rice taken from the same, single source were dried to moisture contents ranging from 9 to 22% w.b.
2. The variability in moisture content determination attributed to sample location in the oven used in this study was determined.
3. The moisture content of the eight lots of rice was determined by various standard moisture content determination procedures to establish the actual moisture content of each lot.
4. The moisture content of samples taken from each of the eight moisture content lots was determined by oven drying samples at selected temperatures and times. 5. A relationship between the apparent moisture content determined at each drying temperature/time combination and the moisture content determined by a standard procedure was established.
Experimental Procedure
Long-grain rough rice (Tebonnet variety) was combine harvested at the Rice Research and Extension Center, Stuttgart, AR. at an approximate moisture content of 25% w.b. Immediately after combining, the rice was cleaned in an A. T. Farrel* Model 2B cleaner to remove immature kernels and foreign material. The clean rice was placed in plastic bags and stored at 1DC for about 2 months prior to testing.
Rice was conditioned to eight moisture content levels ranging from 9.2 to 22.3% w.b. Each lot was dried to the appropriate moisture content level by placing rice on trays constructed of light wooden frames with metal screen bottoms and exposing the rice to room conditions averaging 26 D C and 60% RH. It was necessary to dry two batches of rice to lower moisture contents in an air oven set at 40 D e, Samples were then sealed in polyethelene bags and stored at 1DC for several days until testing.
The drying oven was a Blue M Model OV-490A-2 having two heaters each with a rating of 16.4 amps at 120 volts and employing forced-air circulation and temperature control within ± 1DC. Only two shelves located near the oven center were used to minimize errors due to temperature variations within the oven. The temperature of air in the vicinity of the sample containers was monitored using a precision mercury bulb thermometer. The sample containers had a diameter of 50 mm, a depth of 40 mm and were constructed of light gage sheet metal.
Prior to a given moisture content determination, the oven was preheated to a desired temperature using *Mention of a commercial name does not imply endorsement by the University of Arkansas. forced-air circulation with the oven side vents open. Test portions of whole rough rice weighing 25 g were obtained from large lots of rice using a Boerner divider. All moisture content determinations were duplicated. Samples were randomly placed in the oven and were periodically removed. immediately weighed and returned to the oven within a total time of about 3 to 5 min. All mass measurements were made to the nearest 0.01 g on a top-loading open pan balance. The locations of sample containers on the oven shelves as well as the locations of the oven shelves were routinely changed during the course of the experiment to reduce the unwanted effect of sample location in determining moisture content.
Determination of Variability Due To Sample Location
The variation in moisture content as affected by sample location within the oven was determined by selecting 18 samples from the lowest moisture content lot and randomly placing them in the oven, nine on each shelf. Using the procedure for weighing as outlined above, the apparent moisture content of the samples was determined at 4 and 20 h using an oven temperature of 130°C. .Apparent' moisture contents were computed based on the sample weights at selected drying times for the corresponding oven temperature.
Standard Moisture Content Determination Procedure
The methods used to determine the actual moisture content of the eight moisture content lots of rice were the vacuum oven and air oven standard methods recommended by AOAC (1980) and outlined in Table 1 . A two-stage procedure was used whenever sample moisture contents exceeded 13% w.b. (USDA, 1971) . Variations of these methods as to oven temperature, oven drying time and whole samples versus ground samples were also used and are listed in Table 4 .
Drying Time and Temperature Test Procedure
Duplicate samples from each of the eight lots were dried in the air oven using the sampling and weighing procedure described above. The samples were placed in the oven and subsequently weighed at 1, 2, 4, 8, 20 and 72 h from the start of drying. The oven temperatures used were 110, 130, 150 and 170°C. Apparent moisture content for each drying temperature/time combination was calculated based on the mass removed by drying as determined by the sample masses at each weighing.
RESULTS AND DISCUSSION
Exploratory Analysis
The data from the exploratory tests of the effect of drying temperature and time on moisture content determination are shown in Table 2 . It was observed that a moisture content value determined by a given drying temperature and time at a given moisture content level was ditTerent from the moisture content value determined by another drying temperature and time by a consistent amount over the range of moisture content levels. This observance led to an analysis in which each set of moisture content values determined at a given drying temperature and time was regressed against the This strong correlation indicated that a rapid moisture content determination based on a very high drying temperature and short time (e.g., 200°C and 1 h) might be used to estimate the moisture content attained at l30°C and 20 h. However, since moisture content depended upon oven drying temperature and time, it was necessary to identify a standard oven procedure for estimating the actual moisture content of rough rice. Accordingly, a hypothesis was postulated and investigated that a relationship between standard and apparent moisture contents existed. Table 3 gives the apparent moisture content determinations of whole-grain rough rice samples made at different locations on the two shelves after drying for 4 and 20 h in an oven set at 130°C. The standard deviation of moisture content on both the upper and lower shelves for each drying time was less than 0.1 % w.b. However, individual moisture contents showed a deviation from the associated shelf/drying period mean of up to 0.24% w.b. It was observed that an increase in the drying time from 4 to 20 h resulted in lower standard deviations in mean moisture contents. Table 4 shows the rough rice moisture contents determined by different measurement methods at various moisture content levels. In this part of the study, the AOAC air oven method (l30°C, ] h, ground sample) was selected as standard and compared with other moisture content measurement methods. This standard method gave slightly higher moisture contents than the vacuum oven method (lOO°C, 5 h). Drying of whole grain rough rice at 130°C for 20 h over-estimated the moisture contents in comparison to those attained with the standard method over the moisture content range of 9 to 22% w.b.
Sample Location Effects
Moisture Content Determination by Standard Methods
A comparison of the results of each method was made using a regression analysis in which each set of moisture content values obtained with a given method was regressed against the moisture contents obtained with the accepted standard method. The results of this analysis are shown in Table 4 . As in the exploratory analysis, the moisture contents determined by a standard method could be predicted accurately (see Table 4 for coefficients of determination and mean square error values for each case) based on the moisture contents attained with the other methods. These results further veritied the hypothesis that apparent moisture contents determined by different oven methods over a wide range of moisture moisture cont levels ents. [2] Table 6 gives the parameters of equation [2] for each temperature. The slopes were similar. However, the intercepts of the relationships represented by equation where:
co, C, = regression coefficients T = drying temperature, dc.
Using linear regression, the values of Co and c, were found to be 10.33 and -0.0625, respectively. Equations [1] to [3] were combined using mean slopes of relationships shown in The coefficient of determination and standard error of estimate for equation [5] were 0.992 and 0.390, respectively.
Relative Effects of Time and Temperature
Though equation [5] was adequate for general use, the interactions and relative contributions of experimental variables on estimated moisture contents were further investigated by considering the following model: The pertinent results of a step-wise multiple regression analysis using eq uation [6] and the data of Fig. 1 through  4 are shown in Table 7 with the model variables listed in the order of their relative contributions. It was found that all of the model variables of equation [6] sufficiently improved the model to warrant inclusion in the model at a level of significance of 5 %. The regression coefficients contents determined by the standard AOAC method. ~quation [.1] can be used to show that the oven drying time requIred at a given temperature to match the apparent and standard moisture contents would be influenced by the sample moisture level. Table 8 shows the oven drying times predicted by equation [7] assuming apparent and standard moisture contents to be the same for sample moisture levels ranging from 9 to 23% w.b. It is obvious that low moisture rough rice samples would requi:e shorter drying times at any set oven temperature and vIce versa. These findings indicated that, in order to attain the most accurate possible results, a common dry~ng time cannot be specified over a wide range of mOIsture levels. This supports the view that a two-stage drying procedure is required to determine the moisture content of high moisture content grains (USDA, 1971).
Recommended Procedure
The dependence of average drying time (Table 8 ) on oven temperature in the range of moisture content levels used ~n this experiment was expressed by the following equatIOn:
t =e(9.146 -0.052TJ; R 2 = 0.998 [8J Equation [8] gives estimates of drying time at different oven drying temperatures for apparent moisture content determination of whole rough rice samples relative to the standard AOAC method. This equation can thus be used to ~stimate the approximate drying time required for a deSIred oven temperature when the moisture content is unknown. ~inc~ equation [8] was developed using average drymg times over a range of moisture content levels, the apparent moisture content determined after drying for the time period estimated by equation [8] should be used as an input to equation [7] for a more accurate determination of moisture content. This procedure accounts for the significant differences that could result due to varying sample moisture content levels. In summary, equation [8] , or the values of Table  8 , can be used as a first step in estimating an approximate drying time for a desired oven temperature. The apparent moisture content from the drying test is then used as an input to equation [7] to determine the moisture content that would have been attained with the standard AOAC method.
The results in Table 8 show that drying rice for about 11.5 h at a conventional oven drying temperature of 130 a C can be adopted as a general standard oven procedure for rough rice moisture content determination, although the subsequent use of equation [7] to account for varying initial sample moisture contents is recommended. Alternately. a rapid moisture content determination procedure based on the use of equation [7] and higher oven temperatures also proved to be reliable. The results of this study support the hypothesis that apparent moisture contents determined at different drying temperatures and times with an oven procedure over a wide range of moisture levels are related to the actual moisture contents of rough rice samples.
Validation
~he proposed approach was validated using the mOIsture content determination data of rough rice reported by Noomhorm and Verma (1982). They found that 130 a C-16 h drying of rough rice resulted in significantly higher moisture contents compared to the sta?dard AOAC method. Using equation [7] , the mOIsture contents of rough rice samples were computed by entering the experimental moisture content values determined at 130 a C and 16 h by Noomhorm and Verma as apparent moisture contents. Table 9 shows that the experimental AOAC (Noomhorm and Verma, 1982) and computed (present study) moisture contents were close generally within 0.5% w.b. except for a few cases. A close examination of the experimental data of Noomhorm and Verma revealed that moisture content differences between the two methods varied up to 1.72% w. b., perhaps due to experimental discrepancies. This was contrary to the observations made in the present study, which showed a more consistent pattern in moisture difference values when comparing various methods of moisture measurement (Table 4) .
SUMMARY AND CONCLUSIONS
A study of the effects of oven drying temperature and time on whole-grain rough rice moisture content determination showed that the moisture content determined by a standard AOAC method could be accurately estimated from the apparent moisture content determined by oven drying at various oven temperatures Vol. JO(4);July- August, 1987 for various times at moisture contents ranging from approximately 9 to 22% w.b. More specifically, the following conclusions were drawn:
1. Oven procedures involving various oven drying temperatures and times resulted in consistent moisture content differences relative to a standard AOAC method in the moisture content range of approximately 9 to 22% w.b. 2. A relationship between standard (actual) and apparent moisture contents was developed to quantify the effects of oven drying temperatures and times. This relationship can be used as the basis for rapid moisture content determination using high-temperature. short time (e.g., 200
a C, 1 h) drying of rough rice in an oven. 3. Oven drying times for moisture content determination of whole-grain rough rice depended upon the sample moisture level. Low moisture samples required shorter drying times than high moisture samples required. A l1.S-h drying time at l30 a C appears to be satisfactory for general use in the moisture content range of approximately 9 to 220/0 w.b. However, subsequent use of an expression relating apparent to standard moisture content is recommended to account for varying sample moisture contents.
